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D script ion 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

This invention relates to the production of cooled 
and cleaned gaseous mixtures comprising H 2 , CO, C0 2 
and H 2 0 by the partial oxidation of liquid hydrocarbona- 
ceous fuels or aqueous slurries of solid carbonaceous 10 
fuels. More particularly, it pertains to a process for cool- 
ing and cleaning synthesis gas with water to remove en- 
trained particulate matter and includes flashing, deaer- 
ating, and energy efficient filtration of the gas cooling 
and scrubbing waters. 75 

The partial oxidation process is a well known proc- 
ess for converting liquid hydrocarbonaceous fuels into 
synthesis gas, reducing gas and fuel gas. See coas- 
signed U. S. Pat. Nos. 3,988,609. 4,251 ,228; 4,436,500; 
4,468,376 and 4,704,1 37 for example, which are incor- 20 
porated herein by reference. The raw effluent gas 
stream leaves the reaction zone at a temperature in the 
range of about 1100°C to 1540°C and comprises H 2 , 
CO, C0 2 and H 2 0 along with minor amounts of other 
gases. Also included in the gas stream is entrained par- 2s 
ticulate matter in an amount in the range of about 1 .5 to 
500 gr/m 3 . In order to prevent contamination and/or 
plugging of beds of catalyst located downstream or to 
prevent plugging of burner nozzles, it is necessary to 
clean the raw gas stream by contacting it with water. 30 
Quench cooling the hot raw gas stream in water con- 
tained in a quench tank is shown and described in coas- 
signed U. S. Pat. No. 4,801,347, which is incorporated 
herein by reference. Scrubbing the hot raw gas stream 
by means of a scrubbing nozzle or orifice scrubber is 35 
shown and described incoassigned U. S. Pat. Numbers 
3,524,630 and 3,749,377, which are incorporated here- 
in by reference. The solids concentration in the water 
used in gas quenching and scrubbing is in the range of 
about 0.1 to 6.0 wt. %. This water is called black water. 40 
It is pumpable and normally contains about 2.0 wt. % of 
particulate carbon. Removal of particulate carbon from 
the black water is commonly done by solvent extraction 
in a one or two-stage decanter, such as shown and de- 
scribed in coassigned U. S. Pat. No. 4,01 4,786. The car- 4S 
bon extraction system is complex and has a high capital 
cost due to its large number of equipment items, cost of 
solvent, as well as high energy cost. Steam consump- 
tion is high and heat exchange efficiency due to frequent 
fouling of the black water/grey water exchangers is poor, go 
Thus, the most commonly used but costly solvent car- 
bon extraction system is eliminated by the subject proc- 
ess. This arrangement eliminates the need for extrac- 
tion naphtha and its associated high energy consump- 
tion. 55 

A system for partial oxidation involving quenching 
and scrubbing of the hot gases and which includes a 
flash zone in addition to organic solvent extraction to 



remove carbon material and also the use of a clarifier 
for further separation of carbon is described in US-A-4 
854 942. 

The subject process removes the particulate matter 
and a portion of the sour gases from the gas cooling and 
scrubbing water stream in an energy efficient manner 
that also maximizes the quality and amount of deaear- 
ated grey water that is produced and returned to the raw 
gas quenching and scrubbing sections. 

SUMMARY 

The subject process relates to a partial oxidation 
process for the production of a stream of cooled and 
cleaned gas substantially free from particulate matter for 
use as synthesis gas, reducing gas, or fuel gas compris- 
ing: 

(1) reacting by partial oxidation a liquid hydrocar- 
bonaceous fuel or an aqueous slurry of solid car- 
bonaceous fuel with a free-oxygen containing gas 
in the presence of a temperature moderator to pro- 
duce a hot raw gas stream comprising H 2 , CO, CO a , 
H 2 0; entrained particulate matter comprising par- 
ticulate carbon and ash; and at least one material 
selected from the group consisting of N 2 , Ar, H 2 S, 
COS, CH 4 , NH 3 , HCN, HCOOH, and slag; 

(2) cooling the hot raw gas stream from (1) by (a) 
direct contact with quench water in a gas quenching 
zone thereby producing a pumpable stream of black 
quench water, or by (b) indirect heat exchange with 
water in a gas cooling zone; 

(3) scrubbing in a gas scrubbing zone the cooled 
hot raw gas stream from (2) with a deaerated grey 
water to remove substantially all of the remaining 
entrained particulate matter in said raw gas stream, 
and producing black scrubbing water; 

(4) introducing said black quench water from (2) (a) 
and said black scrubbing water (3) into a flash zone 
wherein the pressure is dropped by flashing thereby 
producing flash vapor comprising vaporized grey 
water and sour gas; and a separate bottoms stream 
of flashed black water whose solids content is great- 
er than the solids content of said black scrubbing 
water in (3); 

(5) passing a first portion of said flash vapor from 
(4) through a heat exchange zone in indirect heat 
exchange with a stream of deaerated grey water, 
thereby simultaneously heating said deaerated 
grey water and condensing grey water from the 
cooled flash vapor, and separating a sour gas from 
said condensed grey water; 

(6) introducing a second portion of said flash vapor 
from (4) and said condensed grey water from (5) 
into a deaerating zone, deaerating said condensed 
grey water, and recycling by way of said heat ex- 
change zone in (5) at least a portion of the deaer- 
ated grey water to the gas quenching zone in (2) (a) 
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and the gas scrubbing zone in (3) for the gas 
quenching mode in (2) (a) or to the gas scrubbing 
zon in (3) for the gas cooling mode in (2)(b); 

(7) clarifying th flashed black water from (4) in a 
clarifying zone to produce grey water and a bottoms 
stream of concentrated black water; 

(8) filtering the stream of concentrated black water 
from (7) to produce filter cake and grey water filtrate; 
and 

(9) deaerating the grey water filtrate produced in (7) 
and (8) in said deaerating zone, and recycling by 
way of said heat exchange zone in (5) at least a 
portion of the deaerated grey water to said gas 
quenching zone in (2) (a) and the gas scrubbing 
zone in (3) for the gas quenching mode in (2) (a) or 
to the gas scrubbing zone in (3) for the gas cooling 
mode in (2) (b). • 

BRIEF DESCRIPTION OF THE DRAWING 

A more complete understanding of the invention 
may be had by reference to the accompanying drawing 
which illustrates a preferred embodiment of the inven- 
tion. It is not intended to limit the subject Invention to the 
particular process or materials described. 

DESCRIPTION OF THE INVENTION 

In the subject process, a raw gas stream, substan- 
tially comprising H 2 , CO, C0 2 , H 2 0, entrained particu- 
late matter comprising particulate carbon and ash; and 
at least one material from the group N 2 , Ar, H 2 , COS, 
CH 4 , NH 3 , HCN, HCOOH, and slag is produced by par- 
tial oxidation of a liquid hydrocarbonaceous fuel or an 
aqueous slurry of solid carbonaceous fuel with a free- 
oxygen containing gas, typically in the presence of a 
temperature moderator, in the reaction zone of an un- 
packed, vertical, free-flow noncatalytic partial oxidation 
gas generator. When steam is used as the temperature 
moderator the steam-to-fuel weight ratio in the reaction 
zone is in the range of about 0.1 to 5, and preferably 
about 0.2 to 0.7. The atomic ratio of free oxygen to car- 
bon in the fuel (O/C ratio), is in the range of about 0.6 
to 1 .6, and preferably about 0.8 to 1 .4. The reaction time 
is in the range of about 0.1 to 50 seconds, such as about 
2 to 6 seconds. 

The synthesis gas generator comprises a vertical 
cylindrically shaped steel pressure vessel lined with re- 
fractory, such as shown in coassigned U. S. Pat. No. 
2,809,104, which is incorporated herein by reference. A 
typical quench drum is also shown in said patent. A 
burner, such as shown in coassigned U. S. Pat. No. 
2,928,460, which is incorporated herein by reference 
may be used to introduce the feed streams into the re- 
action zone. 

A wide range of combustible liquid hydrocarbona- 
ceous fuels or aqueous slurries of solid carbonaceous 
fuel may be reacted in the gas generator with a free- 



oxygen containing gas, in the presence of a temperature 
moderating gas, to produc the synthesis gas. 

The term liquid hydrocarbonaceous fuel as used 
herein to describe various suitable feedstocks is intend- 

* ed to include pumpable liquid hydrocarbon materials 
and pumpable liquid slurries of solid carbonaceous ma- 
terials, and mixtures thereof. For example, pumpable 
aqueous slurries of solid carbonaceous fuels are suita- 
ble feedstocks. In fact, substantially any combustible 

10 carbon-containing liquid organic material, or slurries 
thereof may be included within the definition of the term 
liquid hydrocarbonaceous." For example, there are: 

(1) pumpable slurries of solid carbonaceous fuels, 
15 such as coal, particulate carbon, petroleum coke, 

concentrated sewer sludge, and mixtures thereof, 
in a vaporizable liquid carrier, such as water, liquid 
C0 2 , liquid hydrocarbon fuel, and mixtures thereof; 

(2) suitable liquid hydrocarbon fuel feedstocks to 
20 the gasifier, is intended to include various materials, 

such as liquefied petroleum gas, petroleum distil- 
lates and residua, gasoline, naphtha, kerosine, 
crude petroleum, asphalt, gas oil, residual oil, tar 
sand oil and shale oil, coal derived oil, aromatic hy- 
25 drocarbons (such as benzene, toluene, xylene frac- 
tions), coal tar, cycle gas oil from fluid-catalytic- 
cracking operations, furfural extract of coker gas oil, 
and mixtures thereof; 

(3) also included within the definition of the term liq- 
30 uid hydrocarbonaceous are oxygenated hydrocar- 
bonaceous organic materials including carbohy- 
drates, celiulosic materials, aldehydes, organic ac- 
ids, alcohols, ketones, oxygenated fuel oil, waste 
liquids and by-products from chemical processes 

35 containing oxygenated hydrocarbonaceous organic 
materials, and mixtures thereof. 

The liquid hydrocarbonaceous feed may be at room 
temperature, or it may be preheated to a temperature 

40 up to as high as about 340°C to 650°G but preferably 
below its cracking temperature. The liquid hydrocar- 
bonaceous feed may be introduced into the gas-gener- 
ator burner in liquid phase or in a vaporized mixture with 
the temperature moderator. 

45 The need for a temperature moderator to control the 
temperature in the reaction zone of the gas generator 
depends in general on the carbon-to-hydrogen ratios of 
the feedstock and the oxygen content of the oxidant 
stream. A temperature moderator is used with liquid hy- 

50 drocarbon fuels with substantially pure oxygen. Water 
or steam is the preferred temperature moderator. Steam 
may be introduced as a temperature moderator in ad- 
mixture with either or both reactant streams. Alternative- 
ly, the temperature moderator may be introduced into 

55 the reaction zone of the gas generator by way of a sep- 
arate conduit in the burner. Other temperature modera- 
tors include C0 2 -rich gas, nitrogen, and recycled syn- 
thesis gas. 
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The term free-oxygen containing gas as used here- 
in means air, oxygen -enriched air i.e. greater than 21 
mole % 0 2 , and substantially pure oxygen, i.e. greater 
than about 95% mole oxygen (the remainder usually 
comprising N 2 and rare gases). Free-oxygen containing 
gas may be introduced by way of the partial-oxidation 
burner at a temperature in the range of about ambient 
to 260°C. 

The raw gas stream exits from the reaction zone at 
a temperature in the range of about 925°C to 1 926°C, 
and preferably 1100°C to 1540°C, and at a pressure in 
the range of about 507 to 30390 kPa (5 to 300 atmos- 
pheres), and preferably 1520 to 15200 kPa (15 to 150 
atmospheres). The composition of the hot-raw effluent 
gas stream is about as follows, in mole percent: H 2 10 
to 70, CO 15 to 57, C0 2 0.1 to 25, H 2 0 0.1 to 20, CH 4 
nil to 60, NH 3 nil to 5, H 2 S nil to 5, COS nil to 0.1 , N 2 nil 
to 60, Ar nil to 2.0, HCN and HGOOH nil to 100 parts 
per million (weight basis). Particulate carbon is present 
in the range of about 0.2 to 20 weight % (basis carbon 
content in the original feed). Ash and/or molten slag may 
be present respectively in the amounts of about 0.5 to 
5.0 and nil to 60 weight % of the original liquid hydro- 
carbonaceous or solid carbonaceous fuel feed. De- 
pending on the composition after removal of the en- 
trained particulate carbon and any ash and/or slag in the 
manner described below and with or without dewater- 
ing, the gas stream may be employed as synthesis gas, 
reducing gas, or fuel gas. 

In a preferred embodiment of the subject process 
all of the hot raw effluent gas stream leaving the refrac- 
tory lined reaction zone of the partial oxidation gas gen- 
erator at substantially the same temperature and pres- 
sure as in the reaction zone, less ordinary drop in the 
lines is directly introduced into a pool of water contained 
in the bottom of a quench drum or tank such as the one 
described in coassigned U. S. Pat. No. 2,896,927 which 
is herewith incorporated by reference. 

The quench drum is located below the reaction 
zone of the gas generator, and the stream of raw gas 
which it receives carries with it substantially ail of the 
ash and/or slag and the particulate carbon soot leaving 
the reaction zone of the gas generator. The turbulent 
condition in the quench drum, caused by large volumes 
of gases bubbling up through the water helps the water 
to scrub substantially all of the solids from the effluent 
gas. Large quantities of steam are generated within the 
quench vessel and saturate the gas stream. The stream 
of raw gas is cooled in the quench drum and leaves at 
a temperature in the range of about 150°C to 315°C. 
Advantageously, the fresh quench water used in the 
subject invention is deaerated grey water or condensate 
produced subsequently in the process. This water is 
substantially free from dissolved oxygen. Dissolved ox- 
ygen in circulating water causes significant corrosion of 
vessels and piping. Dissolved oxygen also plays a role 
in chloride stress corrosion cracking. The expression 
"and/or" is used herein in its ordinary way. For example, 



A and/or B means either A or B or A + B. 

In another embodiment of the subject process, the 
hot gas stream from the gas generator is passed 
through a radiant and/or convective cooler where the 
s gas stream may be cooled to a temperature in the range 
of about 250°C to 600°C. Suitable gas coolers are 
shown and described in coassigned U. S. Patent Num- 
bers 3,709,669; 3,868,817; 4,436,530; 4,377,132; and 
4,328,008 which are incorporated herein by reference. 
10 In order to prevent the plugging of downstream cat- 
alyst beds and/or the contaminating of liquid-solvent ab- 
sorbents that may be used in subsequent gas purifica- 
tion steps, the cooled and cleaned gas stream leaving 
the quench drum or the cooled gas leaving the radiant 
15 and/or convective cooler is further cleaned by contact 
with a scrubbing fluid in another gas cleaning zone. This 
gas cleaning zone may include a conventional orifice 
such as shown and described in coassigned U. S. Pat- 
ent No. 3,524,630 which is incorporated herein by ref- 
20 erence and conventional venturi scrubbers and sprays, 
along with a gas scrubbing chamber such as shown and 
described in coassigned U. S. Patent No. 3,232,727, 
which is incorporated herein by reference. In the gas 
scrubbing chamber, the stream of raw gas is scrubbed 
25 with hot return condensate and deaerated grey water as 
described herein. For example, the gas stream leaving 
the quench tank associated with the gasifier is scrubbed 
and intimately contacted with scrubbing fluid e.g. deaer- 
ated grey water in a venturi scrubber. Next, the mixture 
30 of gas and scrubbing water passes into and up through 
a pool of gas scrubbing water contained in the bottom 
of a gas scrubbing chamber. The scrubbed gas is then 
passed up through a packed section or trays in the upper 
portion of the scrubbing chamber where it is contacted 
35 by condensate flowing in a downward direction. Scrub- 
bing water in the bottom of the gas scrubbing chamber 
is recycled to the venturi scrubber and/or the quench 
tank associated with the gasifier. Optionally to maintain 
solids concentration, a portion of the scrubbing water 
40 may be mixed with the black water leaving from the bot- 
tom of the quench tank. 

The deaerated grey scrub water contains less than 
about 100 parts per million (wt) (ppmw) solids. It is de- 
rived herein by removing particulate solids from the 
45 black water, such as found in the quench tank connected 
to the gasifier. The clean saturated gas stream leaving 
the gas scrubbing chamber at a temperature in the 
range of about 1 50°C to 31 5°C is cooled to a tempera- 
ture below the dew point and introduced into a gas-liquid 
50 separation vessel. Condensate is removed from the bot- 
tom of the separation vessel and returned to the gas 
scrubbing chamber as the gas scrubbing agent. Clean 
raw synthesis gas is removed from the top of the sepa- 
ration vessel. If necessary, the raw synthesis gas may 
55 be sent to a conventional gas purification facility e.g. 
Rectisol unit to remove any objectionable impurities e. 
g. sulfur-containing gas. The clean purified syngas may 
be used for the catalytic synthesis of organic chemicals 
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e.g. alcohol. By the gas cleaning procedure used in the 
subject process, the amount of solid particles in the gas 
stream may be reduced to less than about 3 parts per 
million (ppm), and preferably less than about 1 ppm. Al- 
ternate ly, the gas stream leaving the gas scrubbing 
chamber may be saturated with H 2 0 and may be intro- 
duced directly into a gas turbine as fuel gas when it is 
desired to reduce the NO x content of the exhaust gas. 
Alternatively, this cooled cleaned product gas saturated 
with H 2 0 may be introduced directly into a conventional 
catalytic water-gas shift converter to increase the Hg/ 
CO mole rate of the stream of synthesis gas or to pro- 
duce H 2 -rich gas. 

A pumpable aqueous dispersion is produced in the 
quench tank substantially comprising quench water and 
about 0.1 to 4.0 wt. %, such as about 0.5 to 2.5 wt. % 
of particulate carbon containing solids. This carbon-wa- 
ter dispersion is referred to herein as "black water". De- 
pending on the composition of the fuel, a relatively small 
amount of ash may be present in the dispersion. Further, 
any unburned inorganic solids such as coarse ash and/ 
or slag from solid fuels and any refractory from the gas- 
ifier may accumulate at the bottom of the quench tank. 
Periodically, this material may be removed by way of a 
lock-hopper. A stream of carbon-water dispersion is 
separated from the ash and/or slag. 

The dispersion of carbon-water called "black-water" 
is resolved by the steps of flashing, settling, and filtering 
in a carbon-recovery zone to be further described. In this 
manner, the carbon may be recovered and recycled to 
the gas generator as a portion of the fuel, and the water, 
called deaerated "grey water", may be recycled to the 
gas quenching and scrubbing zones. 

The particulate carbon in the black water that is In- 
troduced into the carbon-recovery zone is in the form of 
free-carbon black or soot. The Oil Absorption No. of the 
carbon soot, as determined by ASTM Method D-2B1, is 
greater than 1 and usually varies from 2 to 4 cc of oil per 
gram of C. The inorganic ash from the oil in these dis- 
persions comprises metals and the sulfides. For exam- 
ple, for petroleum derived fuels these components may 
be selected from the group Ca, Ni, V, and Fe, and mix- 
tures thereof. Further, for such fuels the amount of water 
soluble impurities in the black water comprises in parts 
per million (ppm): ammonia 0 to 10,000; formate 0 to 
10,000; sodium chloride 0 to 5,000; nickel 0 to 25; iron 
0 to 150; sulfide 0 to 500; and cyanide 0 to 100. 

The stream of black water leaving from the bottom 
of the quench tank, optionally in admixture with a stream 
of scrubbing water leaving a secondary gas scrubbing 
zone to be described further, is processed in the follow- 
ing manner to produce deaerated grey water and solid 
particulate carbon. All of the black water at a tempera- 
ture in the range of about 150 9 C to 315°C and a pres- 
sure in the range of about 1500 to 18,000 kPa is intro- 
duced into aflash zone which comprises a high pressure 
flash drum (HPFD) in series with a medium pressure 
flash drum (MPFD). In another embodiment, a third flash 



drum called a vacuum flash drum (VFD), is in series with 
the MPFD. By this means step-wise multi-step flashing 
and concentration of the black water may be ffected. 
Advantages of step-wise flashing are as follows: 
s The step-wise flashing allows for the cooling of the 
black water without direct heat exchange of the dirty 
black water with the grey water. Heat is recovered by 
condensation of the relatively clean high pressure flash 
vapor against the deaerated grey water. By dropping the 
pressure in the HPFD to an intermediate pressure rather 
than to atmospheric pressure, the flashed gases are 
produced at a higher temperature for indirect heat ex- 
change with the deaerated grey water. The grey water 
may be thereby heated to a higher temperature. Addi- 
tional lower level heat is recovered by indirect heat ex- 
change by contacting the cold grey water with the me- 
dium pressure flash vapor in the deaerator. 

In the high pressure flash drum (HPFD) the inlet 
pressure in the range of about 1500 to 18,000 kPa is 
suddenly released and drops to a value in the range of 
about 300 to 2000 kPa. The temperature of the black 
water falls to about 137°C to 215°C. About 28 to 13 
weight percent (wt. %) of the black water is vaporized 
to form vaporized grey water along with about 0.05 to 
0.5 wt. % of the water soluble gaseous impurities e.g. a 
gas selected from the group consisting of C0 2 , NH 3 , 
CO, H 2 S, HCN, COS, HCOOH, and mixtures thereof, 
called sour gas. The stream of vaporized grey water and 
sour gas from the HPFD is passed in non-contact indi- 
rect heat exchange with a stream of deaerated liquid 
grey water leaving from the bottom of a deaerator at a 
temperature in the range of abouM00°C to 150°C. The 
deaerated grey water is thereby heated to a temperature 
in the range of about 120°C to 185°C. The heated de- 
aerated grey water is then introduced into the synthesis 
gas generator quench tank as the gas quench cooling 
medium, and into the gas scrubbing zone as the scrub- 
bing medium. For example, about 1 to 50 wt. % of the 
deaerated grey water is introduced into the quench tank 
and the remainder is introduced into a venturi scrubber. 
A portion e.g. about 30 to 90 wt. % of the vaporized grey 
water is condensed and separated from the sour gas. 
The sour gas is sent to a conventional gas treating fa- 
cility. The condensed grey water is sent to a deaerator. 
When a radiant and/or convective cooler is used to cool 
the hot raw synthesis gas, then all of the deaerated grey 
water is introduced into the gas scrubbing zone e.g. ven- 
turi scrubber. 

The bottoms stream of black water leaves the HPFD 
having a solids concentration in the range of about 0.6 
to 5.0 wt. % and is introduced into a medium pressure 
flash drum (MPFD) where the inlet pressure in the range 
of about 300 to 2,000 kPa is suddenly dropped to an 
outlet pressure in the range of about 100 to 1950 kPa. 
About 27 to 6 wt. % of the black water in the medium 
pressure flash drum is thereby vaporized and leave 
overhead at a temperature in the range of about 100°C 
to 1 38°C. The concentrated pumpable black water leav- 
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ing from the bottom of MPFD has a temperature in the 
range of about 1 00°C to 1 38°C and a solids concentra- 
tion in th range of about 1 .5 to 5.5 wt. %. This stream 
is introduced into a conventional clarifier. The main pur- 
pose of the clarifier is to ensure that the overflow water 
(grey water) has low suspended solids e.g. less than 
about 100 ppm (wt.) solids. The clarifier also provides 
surge capacity for the liquids-solids removal unit e.g. fil- 
ter. Thus, the clarifier bottoms pump sends the soot-wa- 
ter stream to a filter at a temperature in the range of 
about 43°C to 1 38°C. The overflow water stream from 
the clarifier flows into a grey water storage tank. The 
grey water is routed to the deaerator for eventual return 
to the gasification section. In most cases, sufficient grey 
water leaves the system with the filter cake to control 
the dissolved chlorides at acceptable levels. Additional 
grey water may be blown down from the grey water tank 
to control the dissolved species if necessary. 

Flash vapors from the top of the MPFD comprising 
vaporized grey water and sour gas are introduced into 
the deaerator. The flash vapors from the MPFD and op- 
tionally supplemental steam are the principal means for 
stripping oxygen, and sour gases from the circulating 
grey water streams and make-up water streams which 
are introduced into the deaerator. Sour gas and water 
vapor are removed from the top of the deaerator and 
sent to conventional gas treating facility. 

In one embodiment, the concentrated pumpable 
bottoms stream of black water from the MPFD is intro- 
duced intoa vacuumflash drum (VFD), The VFD is used 
to control the temperature of the black water without di- 
rect heat exchange in the range of 40°C to 100°C when 
necessary to protect the filters. During operation, the in- 
let pressure in the range of about 100 to 1950 kPa is 
suddenly dropped in the VFD to an outlet pressure in 
the range of about 95 to 5.0 kPa. The concentrated 
pumpable bottoms stream of black water from the VFD 
at a temperature in the range of about 100°C to 40°C 
and a solids content in the range of about 2 to 6 wt. % 
are introduced into the clarifier. 

About 0.5 to 9 wt. % of the black water that is intro- 
duced into the VFD is vaporized and leaves overhead 
at a temperature in the range of about 100°C to 40°C. 
The VFD overhead vapor is cooled to a temperature be- 
low the dew point and separated into grey water and 
sour gas at a temperature in the range of about 60°C to 
30°C. The grey water is introduced into the deaerator 
directly or by way of a gas-liquid separator. The sour gas 
is removed by a conventional vacuum pump, separated 
from the pump discharge stream, and sent to a conven- 
tional gas purification facility. The separated condensed 
water from the pump is recycled and combined with the 
overhead vapors from the vacuum flash drum. 

The pumpable bottom stream from the clarifier com- 
prising black water having a particulate carbon solids 
content in the range of about 2.0 to 25 wt. % and a tem- 
perature in the range of about 1 00 D C to 40°C is resolved 
in a conventional liquid-solids separator such as a filter, 



hydroclone, or centrifuge. For example, by means of a 
filter press, filter cake having a solids content of 10 to 
60 wt. % may be produced along with grey water filtrate. 
The filter cake may be burned as fuel or alternat ly used 
s to recover the metals content. The filtrate may be stored 
in a grey water tank along with the overflow stream from 
the clarifier. A stream of grey water is pumped from the 
grey water storage tank to the deaerator. A stream of 
make-up water and a separate stream of steam are also 

10 introduced into the deaerator. 

By means of the deaerator oxygen is removed from 
the grey water. The temperature of the grey water leav- 
ing the deaerator is in the range of about 1 00°C to 
1 50°C. By means of the deaerator, the grey water is ren- 

75 dered substantially free from dissolved oxygen. Prior to 
recycling to the gasifier quench tank and the gas scrub- 
ber the deaerated grey water is heated to a temperature 
in the range of about 120°C to 185°C by indirect heat 
exchange with the flash vapors from the HPFD. Advan- 

20 tageously, by deaerating the grey water, dissolved oxy- 
gen is eliminated from the circulating water systems 
thereby reducing the need for premium metallurgy. Fur- 
ther, low level heat may be recovered thereby improving 
overall energy efficiency. The deaerator operates by in- 

25 troducing flash vapors from the MPFD and optionally 
steam into the deaerator and thereby stripping dissolved 
oxygen from the incoming makeup water, grey water 
condensate, and recycle filtrate. 

A summary of the advantages of the subject proc- 

30 ess follows: 

° Heat exchangers in the solids containing water 
service are eliminated. 

o Oxygen is prevented from entering the gasification 
35 water systems by sending all oxygenated water 
streams to the deaerator. 

° The heat in the high pressure water streams is used 
to accomplish deaeration and to reheat the grey wa- 
ter. 

40 o By incorporating the deaerator, the amount of grey 

water reuse is maximized and a large blowdown 

stream is eliminated: 
o The number of pieces of equipment and the capital 

cost of the unit are minimized. 
45 o A filter cake material suitable for feed to a coal-fired 

steam boiler or for metals reclamation is produced, 
o The conventional decanter system with its need for 

extraction solvent and its associated high energy 

consumption are eliminated. 
50 o Lower quality makeup water, such as sour water, 

shift condensate and/or ammonia condensate, may 

be used. 

DESCRIPTION OF THE DRAWING 

55 

Referring now to Fig. 1 , an unobstructed free flow 
non-catalytic down-flowing partial oxidation gas gener- 
ator 1 is depicted as being lined with a refractory mate- 
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rial 2, and having an axially aligned inlet port 3, an an- 
nulus typ burner 4, an unpacked reaction zone 5, and 
an outlet port 6 leading into a quench chamber 11. A 
carbonaceous fuel, preferably a liquid petroleum prod- 
uct or a ground, solid carbonaceous material suspended 
in a liquid such as water, is pumped through inlet 7 of 
annulus burner 4. An oxidant, comprising a f ree-oxygen 
containing gas is also admitted into annulus burner 4 
through inlet 8. A temperature moderator such as water 
or steam, is introduced through either or both inlets of 
annulus burner 4 in admixture with the material passing 
therethrough. 

A useful gas generator 1 is described in coassigned 
U. S. Pat. No. 2,809,104 issued to D. M. Strasser et al 
which is incorporated herein by reference. A useful an- 
nulus type burner 4 is more fully described in coas- 
signed U. S. Pat. No. 2,928,460 issued to Du Bois East- 
man et al which is incorporated herein by references. 
Burners having other designs may also be used in the 
process shown in Fig. 1 . 

The annulus type burner 4 mixes an oxidant with 
the carbonaceous fuel and, optionally a temperature 
moderator. The mixture reacts within the reaction zone 
5. The various quantities of carbonaceous fuel, oxidant 
and moderator are carefully controlled so that substan- 
tially all of the carbonaceous fuel is converted to gas, 
and so that the desired temperature range is maintained 
within the reaction zone 5. The raw synthesis gas exits 
the reaction zone 5 through bottom axial outlet port 6 
and discharges into quench chamber 11 which is par- 
tially filled with water. Water is introduced into quench 
chamber 1 1 through line 9 and into a dip tube-draft tube 
combination 1 0 where the water contacts and quenches 
the hot, raw synthesis gas. A portion of the water is re- 
moved from quench chamber 11 by way of bottom line 
1 4. When the hot raw synthesis gas exiting from gener- 
ator 1 is mixed with water in the dip tube-draft tube 10 
in quench vessel 11, some of the water is turned into 
steam. The synthesis gas is thereby saturated. Any mol- 
ten slag present, for example, when an ash containing 
fuel such as is coal is used as fuel, solidifies and can be 
removed periodically from quench chamber 11 through 
water sealed lock-hopper 1 5 which is equipped with iso- 
lation valves 16 and 17 and exit line 18. Fine ash and 
particulate carbon including incompletely gasified car- 
bonaceous fuel particles are suspended in the water 
within the quench chamber 11 and are withdrawn with 
the water through line 1 4 at a temperature in the range 
of about 150°C to 315°C. The aqueous suspension in 
line 14, called black water contains particulates and at 
least one water soluble gaseous impurity from the group 
consisting of C0 2 , NH 3 , CO, H 2 S, HCN, COS, HCOOH, 
and mixtures thereof, and referred to herein as sour gas. 

Trace amounts of formic acid may be made by the 
reactions CO + H 2 0 and when the hot raw synthesis gas 
is quench cooled in quench chamber 11 and/or 
scrubbed with water in a gas scrubbing zone comprising 
venturi scrubber 19 and scrubbing vessel 20. A portion 



of the H 2 0 and water soluble gaseous impuriti s in the 
black water in line 21 are removed from the water sus- 
p nsionbysudd nfyr ducing its pressure and flashing 
it in a flash zone comprising two pressure flash drums 
5 22 and 34, or altemativ ly in a flash zon comprising 
pressure flash drums 22 and 34 and vacuum flash drum 
66. 

The steam and sour gas separated from the black 
water in flash drum 22 are passed through line 23 and 
cooled in heat exchanger 24 to a temperature below the 
dew point. A mixture of aqueous condensate and sour 
gas is passed through line 25 and 26 and collected in 
knockout pot 27. The cooled sour gases are withdrawn 
from the system through line 30 for treatment in a con- 
ventional gas purification unit (not shown) to remove ob- 
jectionable components, prior to discharge. The con- 
densate from knock-out pot 27 is passed through line 
31 into deaerator 32. 

The liquid bottoms stream from high pressure flash 
drum 22 is passed through line 33 into medium flash 
drum 34 where the pressure is suddenly dropped. The 
flash vapors passes through line 35 into deaerator 32. 
With valve 36 in line 37 closed and valve 38 in line 39 
open, the liquid bottoms stream from medium pressure 
flash drum 34 is passed through lines 40, 39, valve 38, 
and lines 41 , 42 and into clarifier 45. Thickened black • 
water leaves through line 46 at the bottom of clarifier 45. 
By means of pump 47 the thickened black water is 
pumped through line 48 into a conventional liquid-solids • 
separation means 49, for example, a filter press. Filter 
cake leaves through line 50 and may be used as fuel. 
Grey water filtrate is passed through line 51 and into 
grey water storage tank 52. The overflow from clarifier 
45 is passed through line 53 into storage tank 52. By 
means of pump 54, grey water is pumped through lines v 
55, 56 and 57 into deaerator 32. 

A small portion, typically from about 1 to 1 5 percent :; 
of the clarified grey water, may be periodically withdrawn 3 - 
from the system and sent to a conventional waste water 
treatment unit (not shown). The water is passed through 
line 62, valve 64, and line 63 as a waste water stream 
to maintain the concentration of dissolved solids in the 
circulating water at an acceptable level from the stand- 
point of minimizing corrosion and operating problems in 
the water system that can be caused by soluble mate- 
rials. For example, halide salts are the major materials 
of concern. The size of the waste water stream depends 
on the amount of the soluble materials in the feed to the 
gasifier. This water must be further treated in processing 
units not shown, for removal of constituents of environ- 
mental concern before it is discarded. Make-up water 
and optionally steam for stripping are introduced into de- 
aerator 32 by way of lines 58 and 59 respectively. Steam 
and free-oxygen containing gas leave deaerator 32 by 
way of line 60. 

In another embodiment, with valve 38 in line 39 
closed and valve 36 in line 37 open, the concentrated 
flashed black water in line 40 is passed through line 37, 
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valve 36, and line 65 into vacuum flash drum 66 where 
additional flashing and concentrating of the black water 
takes place. By means of pump 67, concentrated black 
water is pumped through lines 68, 69 and 42 into clarifier 
45. The overhead vapors from vacuum flash drum 66 
are passed through lines 70 and 71 , cooled below the 
dew point in cooler 72 and passed through line 73 into 
gas-liquid separator 74. By means of pump 75, grey wa- 
ter in line 76 is pumped through line 77 and mixed in line 
26 with the gas-liquid stream from line 25. The un- 
condensed gases in overhead line 78 of gas/liquid sep- 
arator 74 are introduced into vacuum pump 79. Seal wa- 
ter enters pump 79 through line 80. In one embodiment 
not shown, a portion of the grey water in line 77 is used 
as a portion of the seal water in line 80 for vacuum pump 
79. Vacuum pump discharge is passed through line 81 
into gas-liquid separator 82. Sour gas leaves through 
upper line 83 and is sent to a conventional gas purifica- 
tion treatment unit (not shown). Condensate from sep- 
arator 82 is passed through line 84 and is recycled and 
mixed in line 71 with the overhead stream 70 from vac- 
uum flash drum 66. 

Synthesis gas containing a portion of the fine ash 
and carbon particles exits quench chamber 11 through 
outlet 12 and line 87 at a temperature in the range of 
about 150°C to 315°C. The quenched synthesis gas 
stream in line 87 is passed through a conventional ven- 
turi type scrubber 19, wherein the synthesis gas stream 
is scrubbed for removal of residual particles by deaer- 
ated grey water and scrubber bottoms water. For exam- 
ple, by means of pump 89 deaerated grey water from 
deaerator 32 may be passed through lines 88, 90, heat- 
er 24, line 91 into quench tank 11 and venturi scrubber 

19 by way of lines 121, valve 122, lines 123, 124; and 
line 125, valve 126 and line 127, respectively. 

Additional hydrogen cyanide, as well as other gases 
and inorganic materials in the synthesis gas, may dis- 
solve in the water during the gas scrubbing step. The 
mixture of synthesis gas and grey water from venturi 
type scrubber 19 is directed through line 92 into a pool 
of grey water 93 located in the bottom of gas scrubber 
and separator vessel 20. Additional condensate for the 
scrubbing operation is introduced into separator vessel 

20 through line 86. In gas scrubber and separator vessel 
20, a final cleaning of the synthesis gas takes place and 
the synthesis gas and the grey water are separated from 
each other. The synthesis gas is removed from the top 
of separator vessel 20 through line 95. The grey water 
is passed through bottom line 97 to pump 98 from which 
it is sent to the venturi type scrubber 19 and quench 
chamber 11 by way of lines 99, 100, valve 101, and line 
1 02; and line 1 03, valve 1 04, lines 1 05 and 1 24, respec- 
tively. Optionally, a portion of the grey water in line 99 
may be passed through line 110, valve 111, and line 112 
into line 21. 

The overhead gas stream from separator vessel 20 
and line 95, which is now substantially free of entrained 
particulates, may be used as synthesis gas where the 



ratio of H 2 to CO in the raw effluent synthesis gas as 
produced is satisfactory. For example, with valve 103 in 
line 104 closed and valve 105 in line 106 open, this syn- 
thesis gas stream is passed through lines 95, 106, 107, 

s and is cooled in gas cooler 1 1 3 to the dew point temper- 
ature, or below. For example, the gas in line 115 may be 
at a temperature in the range of about ambient to 65°C. 
The mixture of condensate and synthesis gas is passed 
through line 115 into gas-liquid separator116: The con- 

10 densate formed in the cooling step is removed in sepa- 
rator 116 and recycled by way of line 86 to scrubber- 
separator 20 for use in scrubbing the synthesis gas. The 
resulting cooled and scrubbed synthesis gas in line 114 
can then be further processed, for example purified by 

is conventional methods to remove sulf ur-contain ing gas- 
es and used for synthesis of organic chemicals or as a 
reducing or fuel gas. The compositions of synthesis gas, 
reducing gas, and fuel gas are related and contain H 2 
and CO. The mole ratio H^CO for synthesis gas is con- 

20 trolled for the synthesis of organic chemicals. Reducing 
gas is rich in H 2 and/or CO and is used for chemical 
reduction. Fuel gas may also contain CH 4 and is burned 
as a fuel. Alternatively, with valve 1 05 closed and valve 
1 03 open, the overhead gas stream from separator ves- 

25 sel 20 and line 95 may be passed through lines 1 04 and 
1 08 and may be used for chemicals production after ad- 
justment of the H 2 to CO ratio. 

Although modifications and variations of the inven- 
tion may be made without departing from the scope 

30 thereof, only such limitations should be imposed as are 
indicated in the appended claims. 



Claims 

35 

1 . A process for the partial oxidation of a liquid hydro- 
carbonaceous fuel or an aqueous slurry of solid car- 
bonaceous fuel comprising: 

40 (1) reacting by partial oxidation a liquid hydro- 

carbonaceous fuel or an aqueous slurry of solid 
carbonaceous fuel with a free-oxygen contain- 
ing gas in the presence of a temperature mod- 
erator to produce a hot raw gas stream com- 
45 prising H 2 , CO, C0 2 , H 2 0; entrained particulate 

matter comprising particulate carbon and ash; 
and at least one material selected from the 
group consisting of N 2 , Ar, H 2 S, COS, CH 4 , 
NH 3 , HCN, HCOOH, and slag; 
50 (2) cooling the hot raw gas stream from (1 ) by 

(a) direct contact with quench water in a gas 
quenching zone thereby producing a pumpable 
stream of black quench water, or by (b) indirect 
heat exchange with water in a gas cooling zone; 
55 (3) scrubbing in a gas scrubbing zone the 

cooled hot raw gas stream from (2) with a de- 
aerated grey water to remove substantially all 
of the remaining entrained particulate matter in 
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said raw gas stream, and producing black 
scrubbing water; 

(4) introducing said blackquench wat rfrom (2) 
(a) and said black scrubbing water from (3) into 

a flash zon wherein the pressure is dropped s 
by flashing thereby producing flash vapor com- 
prising vaporized grey water and a sour gas; 
and a separate bottoms stream of flashed black 
water whose solids content is greater than the 
solids content of said black scrubbing water in 10 
(3); 

(5) passing a first portion of said flash vapor 
from (4) through a heat exchange zone in indi- 
rect heat exchange with a stream of deaerated 
grey water, thereby simultaneously heating *5 
said deaerated grey water and condensing 
grey water from the cooled flash vapor, and 
separating sour gas from said condensed grey 
water; 

(6) introducing a second portion of said flash 20 
vapor from (4) and said condensed grey water 
from (5) intoadeaeratingzone, deaerating said 
condensed grey water, and recycling by way of 
said heat exchange zone in (5) at least a portion 

of the deaerated grey water to the gas quench- 25 
ing zone in (2) (a) and the gas scrubbing zone 
in (3) for the gas quenching mode in (2) (a) or 
to the gas scrubbing zone in (3) for the gas cool- 
ing mode in (2) (b); 

(7) clarifying the flashed black water from (4) in so 
a clarifying zone to produce grey water and a 
bottoms stream of concentrated black water; 

(8) filtering the stream of concentrated black 
water from (7) to produce filter cake and grey 
water filtrate; and 35 

(9) deaerating the grey water produced in (7) 
and (8) in said deaerating zone, and recycling 
by way of said heat exchange zone in (5) at 
least a portion of the deaerated grey water to 
said gas quenching zone in (2) (a) and the gas *o 
scrubbing zone in (3) for the gas quenching 
mode in (2) (a) or to the gas scrubbing zone in 

(3) for the gas cooling mode in (2) (b). 

A process according to Claim 1 wherein step (4) 45 
comprises introducing said black quench water 
from (2) (a) and said black scrubbing water from (3) 
into the first flash stage of a flash zone comprising 
first and second flash stages wherein the pressure 
in the first flash stage is dropped by flashing from so 
an inlet pressure in the range of about 1500 to 
18,000 kPa to an outlet pressure in the range of 
about 300 to 2000 kPa, to produce said first portion 
of said flash vapor; and 

introducing the bottoms str am of flashed ss 
black water from said first stage of said flash zone 
into said second flash stage wher in the pressure 
is dropped by flashing from an inlet pressure in the 



range of about 300 to 2000 kPa to an outlet pres- 
sure in the range of about 100 to 1950 kPa, to pro- 
duce said second portion of said flash vapor, and 
said separate bottoms stream of flashed black wa- 
ter. 

3. A process according to Claim 1, wherein step (4) 
comprises introducing said black quench water 
from (2) (a) and said black scrubbing water from (3) 
into the first flash stage of a flash zone comprising 
three flash stages connected in series wherein the 
pressure in said first flash stage is dropped by flash- 
ing from an inlet pressure in the range of about 1 500 
to 18,000 kPa to an outlet pressure in the range of 
about 300 to 2000 kPa, to produce said first portion 
of said flash vapor; 

Introducing the bottoms stream of flashed black 
water from said first stage of said flash zone 
into the second flash stage wherein the pres- 
sure is dropped by flashing from an inlet pres- 
sure in the range of about 300 to 2000 kPa to 
an outlet pressure in the range of about 100 to 
1950 kPa, to produce said second portion of 
said flash vapor; and 

introducing the bottoms stream of flashed black 
water from said second flash stage into the third 
flash stage wherein the pressure is dropped by 
flashing from an inlet pressure in the range of 
about 100 to 1 950 kPa to an outlet pressure in 
the range of about 95 to 5.0 kPa, to produce a 
stream of flash vapor comprising vaporized 
grey water and sour gas, which is cooled to con- 
dense grey water, for introduction into said de- 
aerating zone; and said bottoms stream of 
flashed black water. 

4. A process according to any one of Claims 1 - 3'^ 
where in (1) said partial oxidation reaction takes 
place at a temperature in the range of about 925°C 
to 1926°C, a pressure in the range of about 507 to 
30390 kPa (5 to 300 atmospheres), a weight ratio 
of steam to fuel in the range of about 0. 1 to 5.0, and 
an atomic ratio of free-oxygen to carbon in the feed 
in the range of about 0.8 to 1 .4. 

5. A process according to any one of Claims 1 - 4 
wherein the blackquench water in (2) (a) has a sol- 
ids content of about 0.1 to 4.0 wt. %. 

6. A process according to any one of Claims 1 - 5 
wherein said gas cooling zone in (2) (b) comprises 
a radiant and/or convective cooler. 

7. A process according to any one of Claims 1 - 6 
wherein said gas scrubbing zone in (3) comprises 
an orifice or venturi scrubber followed by a gas-liq- 
uid scrubbing column. 



9 



17 



EP 0 648 828 B1 



18 



8. A process according to any one of Claims 1-7 
wherein the condensed grey water is deaerated in 
(6) at a temperature in the range of about 100°C to 
150°C and a pressure in the range of about 100 to 
400 kPa by stripping. s 

9. A process according to any one of Claims 1 - 8 
wherein the sour gas in (4) is selected from the 
group consisting of C0 2 , NH 3> CO, H 2 S, HCN, 
COS, HCOOH, and mixtures thereof. 10 



Patentanspruche 

1. Ein VerfahrenzurTeiloxidationeinesflussigenkoh- is 
lenwasserstoffhaltigen Brennstoffes Oder einer 
waBrigen Autschlammung von festem kohlenstoff- 
haltigen Brennstoff, welches umfaBt: 

(1) Umsetzen eines flOssigen kohlenwasser- 20 
stbffhaltigen Brennstoffes oder einer waBrigen 
Autschlammung von festem kohlenstoffhalti- 
gen Brennstoff durch Teiloxidation mit einem 

f reien Sauerstoff enthaltenden Gas in der Ge- 
genwart eines Temparaturmoderators, urn ei- 25 
nen heiBen Rohgasstrom zu erzeugen, der H 2 , 
CO, C0 2 , H 2 0; mitgerissenesteilchenformiges 
Material, das teilchenformigen Kohlenstoff und 
Asche umfaBt; und wenigstens ein Material, 
das ausgewahlt ist aus der G ruppe, die aus N 2 , 30 
At, H 2 S, COS, CH 4 , NH 3 , HCN, HCOOH und 
Schlacke besteht, umfaBt; 

(2) Abkuhlen des heiBen Rohgasstroms aus (1 ) 
durch (a) direkten Kontakt mit Quenchkuhlwas- -35 
ser in einer Gasquenchkuhlzone, wodurch ein 
pumpbarer Strom aus schwarzem Quench- 
wasser erzeugt wird, oder durch (b) indirekten 
Warmeaustausch mit Wasser in einer Gasab- 
kuhlzone; 40 

(3) Waschen des abgekuhlten heiBen Rohgas- 
stroms aus (2) in einer Gaswaschzone mit ei- 
nem entgasten grauen Wasser, urn im wesent- 
lichen das gesamte verbliebene mitgerissene 
teilchenformige Material in besagtem Rohgas- 
strom zu entfernen, und Erzeugen von schwar- 
zem Waschwasser; 

(4) Einleiten besagten schwarzen Quenchwas- so 
sers aus (2) (a) und besagten schwarzen 
Waschwassers aus (3) in eine Flashzone, in 
der der Druck durch Flashen gesenkt wird, wo- 
durch Flashdampf erzeugt wird, der verdampf- 

t s graues Wasser und ein Sauergas umfaBt; ss 
und ein separater Bodenproduktstrom von ge- 
flashtem schwarzen Wasser, dessen Feststoff- 
gehalt groBer ist als der Feststoff gehalt besag- 



ten schwarzen Waschwassers in (3); 

(5) Leiten eines ersten T ils besagten Flash- 
dampfes aus (4) durch eine Warmeaustausch - 
zone in indirektem Warmeaustausch mit einem 
Strom aus entgastem grauen Wasser, wodurch 
gleichzertig besagtes entgastes graues Was- 
ser erwarmt und graues Wasser aus dem ab- 
gekuhlten Flashdampf kondensfert wird, und 
Abtrennen von Sauergas von besagtem kon- 
densierten grauen Wasser; 

(6) Einleiten eines zweiten Teils besagten Flas- 
hdampfes aus (4) und besagten kondensierten 
grauen Wassers aus (5) in eine Entgasungszo- 
ne, Entgasen besagten kondensierten grauen 
Wassers und Ruckfuhren wenigstens eines 
Teils des entgasten grauen Wassers uber be- 
sagte Warmeaustauschzone in (5) zur Gas- 
quenchkuhlzone in (2) (a) und zur Gaswasch- 
zone in (3) fur den GasquenchkOhlmodus in (2) 
(a) oder zur Gaswaschzone in (3) fur den Gas- 
abkuhlmodus in (2) (b); 

(7) Klaren des geflashten schwarzen wassers 
aus (4) in einer Klarzone, urn graues Wasser 
und einen Bodenproduktstrom aus konzentrier- 
tem schwarzen Wasser zu erzeugen; 

(8) Filtrieren des Stroms aus konzentriertem 
schwarzen Wasser aus (7), urn Filterkuchen 
und Filtrat aus grauem Wasser zu erzeugen; 
und 

(9) Entgasen des grauen Wassers, das in (7) 
und (8) in besagter Entgasungszone erzeugt 
worden ist, und Ruckfuhren wenigstens eines 
Teils des entgasten grauen wassers uber be- 
sagte Warmeaustauschzone in (5) zu besagter 
Gasquenchkuhlzone in (2) (a) und der Gas- 
waschzone in (3) fur den GasquenchkOhlmo- 
dus in (2) (a) oder zur Gaswaschzone in (3) f Qr 
den GasabkOhlmodus in (2) (b). 

2. Ein Verfahren nach Anspruch 1, wobei Schritt (4) 
Einleiten besagten schwarzen Quenchwassers aus 

(2) (a) und besagten schwarzen Washwassers aus 

(3) in die erste Flashstufe einer Flashzone, die erste 
und zweite Flashstufen umfaBt, wobei der Druck in 
der ersten Flashstufe durch Flashen von einem Ein- 
laBdruck im Bereich von etwa 1500 bis 18000 kPa 
auf einen AuslaBdruck im Bereich von etwa 300 bis 
2000 kPa gesenkt wird, urn besagten ersten Teil be- 
sagten Flashdampf es zu erzeugen; und 
Einleiten des Bodenproduktstroms von geflashtem 
schwarzen Wasser aus besagter erster Stufe be- 
sagter Flashzone in besagte zweite Flashstufe um- 
faBt, wobei der Druck durch Flashen von einem Ein- 
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laBdruck im Bereich von etwa 300 bis 2000 kPa auf 
inen AuslaBdruck im Bereich von etwa 100 bis 
1950 kPa gesenkt wird, urn besagten zw iten Teil 
be sagten Flashdampfes und besagten s parat n 
Bodenproduktstrom von geflashtem schwarzen s 
Wasser zu erzeugen. 

3. Ein Verfahren nach Anspruch 1, wobei Schritt (4) 
Einleiten besagten schwarzen Quenchwassers aus 

(2) (a) und besagten schwarzen Waschwassers io 
aus (3) in die erste Flashstute einer Flashzone, die 
drei Flashstufen umfaBt, die in Reihe miteinander 
verbunden sind, wobei der Druck in besagter ersten 
Flachstufe durch Flashen von einem EinlaBdruck 
im Bereich von etwa 1 500 bis 1 8000 kPa auf einen is 
AuslaBdruck von etwa 300 bis 2000 kPa gesenkt 
wird, urn besagten ersten Teil besagten Flashdamp- 
fes zu erzeugen; 

Einleiten des Bodenproduktstroms von ge- 20 
flashtem schwarzen Wasser aus besagter er- 
sten Stufe besagter Flashzone in die zweite 
Flashstufe, in der der Druck durch Flashen von 
einem EinlaBdruck im Bereich von etwa 300 bis 
2000 kPa auf einen AuslaBdruck im Bereich 2s 
von etwa 100 bis 1950 kPa gesenkt wird, um 
besagten zweiten Teil besagten Flashdampfes 
zu erzeugen; und 

Einfuhren des Bodenproduktstroms von ge- 30 
flashtem schwarzen Wasser aus besagter 
zweiten Flashstufe in die dritte Flashstufe um- 
fa3t, in der der Druck durch Flashen von einem 
EinlaBdruck im Bereich von etwa 1 00 bis 1 950 
kPa auf einen AuslaBdruck im Bereich von et- 35 
wa 95 bie 5,0 kPa gesenkt wird, um einen ver- 
dampftes graues Wasser und Sauergas umfas- 
senden Strom aus Flashdampf zu erzeugen, 
derabgekuhlt wird, um graues Wasser zu kon- 
densieren, zum Einleiten in besagte Entga- 40 
sungszone; und besagten Bodenproduktstrom 
von geflashtem schwarzen Wasser. 

4. Ein Verfahren nach einem der Anspruche 1 - 3, in 
dem in (1 ) besagte Teiloxidationsreaktion bei einer 45 
Temperatur im Bereich von etwa 925*0 bis 1 926°C, 
einem Druck im Bereich von etwa 507 bis 30390 
kPa (5 bis 300 Atmospharen), einem Gewichtsver- 
haltnis von Dampf zu Brennstoff im Bereich von et- 
wa 0,1 bis 5,0 und einem Atomverhaltn is vonfreiem 50 
Sauerstoff zu Kohlenstoff im Beschickungsmaterial 

im Bereich von etwa 0,8 bis 1 ,4 ablauft. 

5. Ein Verfahren nach einem der Anspruche 1 - 4, wo- 
bei das schwarze Quenchwasser in (2) (a) einen 55 
Feststoff gehalt von etwa 0, 1 bis 4,0 Gew.-% besitzt. 

6. Ein V rfahren nach einem der Anspruche 1 - 5, wo- 



bei besagte GasabkQhlzone in (2) (b) einen Strah- 
lungs- und/oder Konvektionskuhler umfaBt. 

7. Ein Verfahren nach einem der AnsprOche 1 - 6, wo- 
bei besagte Gaswaschzone in (3) einen DOs nod r 
venturiwascher umfaBt, gefolgtvon einer Gas-Flus- 
sig-Waschkolonne. 

8. Ein Verfahren nach einem der Anspruche 1 - 7, wo- 
bei das Kondensierte graue Wasser in (6) bei einer 
Temperatur im Bereich von etwa 100°C bis 150°C 
und einem Druck im Bereich von etwa 100 bis 400 
kPa durch Strippen entgast wird. 

9. Ein Verfahren nach einem der AnsprOche 1 - 8, wo- 
bei das Sauergas aus (4) ausgewahlt ist aus der 
Gruppe, die aus C0 2> NH 3 , CO, H 2 S, HCN, COS, 
HCOOH und Mischungen derselben besteht. 



Revendlcations 

1 . Proc6d6 pour Poxydation partielle d'un combustible 
hydrocarbone" liquide ou d'une suspension aqueuse 
de combustible carbons' solide, comprenant : 

(1) la reaction, par oxydation partielle, d'un 
combustible hydrocarbon^ liquide ou d'une 
suspension aqueuse de combustible carbon^ 
solide, avec un gaz contenant de I'oxygene li- 
bra, en presence d'un mod^rateur de la tempe- 
rature, pour p rod u ire un courant chaud de gaz 
brut comprenant H 2 , CO, C0 2 , H 2 0, de la ma- 
tiere particulate entraTn6e comprenant du car- 
bone particulate et des cendres; et au motns 
une matiere choisie dans ('ensemble consistant 
en N 2 , Ar, H 2 S, COS, CH 4 , NH 3 , HCN, HCOOH, 
et de la scorie; 

(2) le refroidissement du courant chaud de gaz 
brut provenant de (1), par (a) contact direct 
avec de I'eau de trempe dans une zone de 
trempe de gaz, en produisant ainsi un courant 
pompable d'eau de trempe noire ou par (b) 
^change indirect de chaleuravec de I'eau dans 
une zone de refroidissement de gaz; 

(3) le lavage, dans une zone de lavage de gaz, 
du courant de gaz brut chaud, refroidi prove- 
nant de (2), avec une eau grise d6sa6r6e, pour 
enlever la quasi totality de la matiere particu- 
late entrance restante dans I edit courant de 
gaz brut, et la production d'une eau noire de 
lavage; 

(4) I'introduction de ladite eau noire de trempe, 
provenant de (2) (a), et de ladite eau noire de 
lavage provenant de (3), dans une zone de de- 
tente dans laquelle la pression est abaiss<§e par 
detente rapide n produisant ainsi de la vapeur 
instantan6e comprenant de I'eau grise vapori- 
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see et un gaz acide; et un courant separe de 
queue de I'eau noire detendue, dont la teneur 
en solides est sup6rieur a la teneur en solides 
de ladlte eau noire de lavage en (3); 

(5) le passage d'une premiere portion de ladite s 
vapeur de detente provenant de (4), dans une 
zone d'echange de chaleur, en ^change indi- 
rect de chaleur avec un courant d'eau grise de- 
saer^e, ce qui, simultanement, chauffe ladite 
eau grise d6sa6r6e et condense I'eau grise pro- 10 
venant de la vapeur de detente, refroidie, et la 
separation du gaz acide d'avec ladite eau grise 
condensed; 

(6) I'introduction d'une seconde portion de ladi- 
te vapeur de detente provenant de (4), et de is 
ladite eau grise condensee, provenant de (5), 
dans une zone de desaeration, la desaeration 

de ladite eau grise condensee, et ie recyclage, 
en passant par ladite zone d'echange de cha- 
leur en (5), d'au moins un portion de I'eau grise 20 
d6sa6r6e, vers la zone de trempe de gaz en (2) 
(a) et la zone de lavage de gaz en (3) pour le 
mode de trempe de gaz en (2) (a) ou vers la 
zone de lavage de gaz en (3) pour le mode de 
refroidissement de gaz en (2) (b); 25 

(7) la clarification de I'eau noire de detente, pro- 
venant de (4), dans une zone de clarification 
pour produire de I'eau grise et un courant de 
queue d'eau noire concentree; 

(8) la filtration du courant d'eau noire concen- 30 
tr6e, provenant de (7), pour produire un gateau 

de fittre et un filtrat d'eau grise, et 

(9) la desaeration de I'eau grise, produite en (7) 
et (8), dans ladite zone de desaeration, et le 
recyclage, par passage dans ladite zone 35 
d'echange de chaleur en (5), d'au moins une 
portion de I'eau grise desaeree vers la zone de 
trempe de gaz en (2) (a) et vers ia zone de la- 
vage de gaz en (3) pour le mode de trempe de 
gaz en (2) (a) ou vers la zone de lavage de gaz 40 
en (3) pour le mode de refroidissement de gaz 
en(2)(b). 

Procede selon la revendication 1 , dans lequel l'6ta- 
pe (4) comprend I'introduction de ladite eau noire *s 
de trempe, provenant de (2) (a), et de ladite eau 
noire de lavage, provenant de (3), dans le premier 
etage de detente d'une zone de detente compre- 
nant des premier et second Stages de detente dans 
lesquels la pression regnant dans ie premier etage so 
de detente est abaissee par detente rapide a partir 
d'une pression d'entree dans la gamme d'environ 
1500 a 18 000 kPa a une pression de sortie dans 
ia gamme d'environ 300 a 2 000 kPa, pour produire 
ladite premiere portion de ladite de detente; et ss 

I'introduction du courant de queue de I'eau 
noire soumise a la detente, provenant dudit premier 
etage de ladite zone de detente, dans ledit second 



etage de detente, dans lequel la pression est abais- 
see par detente a partir d'une pression d'entree 
dans ia gamme d'environ 300 a 2 000 kPa a une 
pression de sortie dans la gamme d'environ 100 a 
1 950 kPa, pour produire ladite seconde portion de 
ladite vapeur de detente, et ledit courant s6pare de 
queue d'eau noire traitee. 

3. Precede selon la revendication 1 , dans lequel f'6ta- 
pe (4) comprend I'introduction de ladite eau noire 
de trempe, provenant de (2) (a), et de ladite eau 
noire de lavage provenant de (3), dans le premier 
etage de detente d'une zone de detente compre- 
nant 3 etages de detente relies en serie, ia pression 
regnant dans ledit premier etage de detente etant 
abaissee par detente a partir d'une pression d'en- 
tree de I'ordre d'environ 1 500 a 1 800 kPa, a une 
pression de sortie de I'ordre d'environ 300 a 2 000 
kPa, pour produire ladite premiere portion de ladite 
vapeur de detente; 

('introduction du courant de queue de I'eau noi- 
re de detente provenant dudit premier etage de 
ladite zone de detente, dans le second etage 
de detente, dans lequel ia pression chute par 
detente depuis une pression d'entree dans la 
gamme d'environ 300 a 2 000 kPa a une pres- 
sion de sortie dans ia gamme d'environ 100 a 
1 950 kPa, pour produire ladite seconde portion 
de ladite vapeur de detente, et 
I'introduction du courant de queue de I'eau noi- 
re de detente provenant dudit second etage de 
detente, dans le troisieme etage de detente, 
dans lequel la pression chute par detente a par- 
tir d'une pression d'entree dans la gamme d'en- 
viron 1 00 a 1 950 kPa a une pression de sortie 
dans la gamme d'environ 95 a 5,0 kPa, pour 
produire un courant de vapeur de detente com- 
prenant de I'eau grise vaporisee et du gaz aci- 
de, courant qui est ref roidi pour condenser I'eau 
grise, en vue de son introduction dans ladite zo- 
ne de desaeration; et ledit courant de queue 
d'eau noire soumise a la detente rapide. 

4. Procede selon Tune quelconque des revendications 
1 a 3, dans lequel, en (1 ) ladite reaction d'oxydation 
partielle se produit a une temperature dans la gam- 
me d'environ 925°C a 1 926°C, sous une pression 
dans la gamme d'environ 507 a 30 390 kPa (5 a 300 
atmospheres), avec un rapport ponderal de la va- 
peur d'eau au combustible se situant dans la gam- 
me d'environ 0,1 a 5,0 et avec un rapport atomique 
de I'oxygene libre au carbone dans I'alimentation se 
situant dans la gamme d'environ 0,8 a 1 ,4. 

5. Procede selon I'une quelconque des revendications 
1 a 4, dans lequel I'eau noire de trempe, presente 
en (2) (a), a une teneur en solides d'environ 0,1 a 
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4,0 % en poids. 

6. Proc6d6 selon I'unequelconqu des revendications 
1 a 5, dans lequel ladite zone de ref roidissement da 
gaz en (2) (b) comprend un refroidisseurtravaillant s 
par rayonnement et/ou par convection. 

7. Proc<5d6 selon Tune quelconque des revendications 
1 a 6, dans lequel ladite zone de lavage de gaz en 

(3) comprend un laveur a orifices ou a venturi suivi 10 
d'une colonne de lavage gaz-liquide. 

8. ProcedS selon Tune quelconque des revendications 
1 a 7, dans lequel I'eau grise condensee est desa- 
6r6e en (6), par strippage a une temperature dans is 
la gamme d'environ 100°C a 150°C et a une pres- 
sion dans la gamme d'environ 100 a 400 kPa. 

9. Proc6d§ selon Tune quelconque des revendications 

1 a B, dans lequel le gaz acide en (4) est choisi dans 20 
Pensemble consistant en C0 2> NH 3 , CO, H 2 S, HCN, 
COS, HCOOH et leurs melanges. 
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